To determine if incorporation of an additional cytotoxic agent improves overall survival (OS) and progression-free survival (PFS) for women with advanced-stage epithelial ovarian carcinoma (EOC) and primary peritoneal carcinoma who receive carboplatin and paclitaxel.
INTRODUCTION
After cytoreductive surgery, advanced-stage epithelial ovarian carcinoma (EOC) initially appears chemotherapy sensitive, as response rates to platinum-based therapy exceed 80%. However, long-term survival remains poor as a result of recurrence and emergence of drug resistance.
Although platinum-based agents (ie, cisplatin or carboplatin) and taxanes remain the core of primary treatment, clinical trials have incorporated other cytotoxic agents, including topotecan, gemcitabine, and methoxypolyethylene glycosylated liposomal doxorubicin (PLD). Each agent has well-defined activity in the setting of recurrent EOC, including in platinum-resistant populations. Both topotecan and PLD are US Food and Drug Administration-approved as single agents for management of recurrent EOC.
1,2 Gemcitabine is US Food and Drug Administration-approved for management of recurrent, platinum-sensitive EOC in combination with carboplatin, but it is also utilized as a single agent. 3 Multiple international, phase III trials were considered to evaluate emerging regimens that were fostered by collaborative development through the Gynecologic Cancer InterGroup (GCIG). A multiarm, multistage design to evaluate four different experimental arms against a single reference arm was proposed by the Gynecologic Oncology Group JOURNAL OF CLINICAL ONCOLOGY (GOG) in the United States and by the Medical Research Council (MRC) in the United Kingdom (MRC-UK), which represents the International Collaborative Ovarian Neoplasm (ICON) group. With a target accrual of 4,000 patients, GOG0182-ICON5 emerged as the largest prospective treatment trial in EOC. In addition to clinical outcomes, the study would also provide an international clinical research database, including outcomes in patients with uncommon histologies and genetic mutations associated with cancer risk.
PATIENTS AND METHODS

Objectives
The primary objective was to compare the efficacy of each experimental arm against the reference arm (ie, carboplatin and paclitaxel) on the basis of overall survival (OS) and progression-free survival (PFS). Evaluation of toxicities, complications, dose intensity, and cumulative dose delivery would also be described for each regimen.
Patient Selection
Eligible patients submitted tissue to confirm histologic diagnosis (EOC or primary peritoneal carcinoma [PPC] ) and International Federation of Gynecology and Obstetrics stage (III or IV), with either optimal (Յ 1 cm) or suboptimal residual disease. Pathology materials were reviewed by each participating regional group and were subject to routine centralized audit. Patients were also required to have a GOG performance status of Յ 2; absolute neutrophil count Ն 1,500/L, platelets Ն 100,000/L, creatinine Յ 1.5ϫ institutional upper limit normal (ULN), bilirubin Յ 1.5ϫ ULN, AST and alkaline phosphatase Յ 2.5ϫ ULN, and baseline sensory or motor neuropathy grade 1 or lower according to National Cancer Institute Common Toxicity Criteria version 2.
Patients who had tumors of low malignant potential, with carcinosarcoma, or with nonepithelial tumors were not eligible. Patients who had personal histories of breast cancer were eligible, provided that they were disease free for at least 3 years without contraindications for protocol-based chemotherapy. Patients who had early-stage synchronous endometrial cancer were also eligible, provided there was no more than minimum invasion without high-grade features. All patients provided written informed consent consistent with government and institutional requirements, including local institutional review board approval, before receiving protocol therapy.
Participating Groups
Primary coordination was provided by GOG in collaboration with GCIG and included the Australia and New Zealand Gynecologic Oncology Group (Camperdown, Australia), MRC-UK (London, United Kingdom), and Istituto Mario Negri (Milan, Italy). Each international group utilized a regional office for registration, random assignment, data management, and quality assurance monitoring. Collaborating organizations within the United States also included the Southwest Oncology Group and five other groups managed through the Clinical Trials Support Unit of the National Cancer Institute (Table 1) .
Treatment Plan
After registration and stratification, patients were randomly allocated to one of five arms (Table 2) . Each arm included eight cycles of triplet or sequential-doublet chemotherapy, which provided a minimum of four cycles that incorporated experimental treatments while maintaining at least four cycles with carboplatin and paclitaxel.
Patients with suboptimal residual disease were permitted to undergo interval cytoreductive surgery between the fourth and fifth cycles, provided that intent was declared at registration and that patients met criteria for cytoreductive surgery. Reassessment (ie, second-look) laparotomy for patients in complete clinical remission at the conclusion of chemotherapy was not permitted, because this has not been shown to provide clinical benefit, and because surgical assessment of small-volume disease could interfere with determination of PFS.
4
Additional chemotherapy, including maintenance or consolidation, was not permitted until there was evidence of progressive disease. However, GCIG-based international criteria for determination of progression that used serial measurements of serum CA-125 were permitted, which allowed initiation of secondary therapies before large-volume or symptomatic recurrence.
5
Regimen Selection
Dose and schedule were designed to maximize delivery of newer agents while preserving exposure to carboplatin and paclitaxel and equilibrating the risk of hematologic toxicity. Prophylactic hematopoietic growth factors were not required, and initial modifications for hematologic toxicity relied on cycle delay and/or dose reduction, with addition of growth factors for management of recurrent toxicity. These decisions were based on practical aspects of conducting an international cooperative group trial as well as on the cumulative risks of carboplatin-induced thrombocytopenia.
Gemcitabine was evaluated in two experimental arms, as a triplet combination in eight cycles, and as a sequential doublet in four cycles, administered on days 1 and 8. Multicycle feasibility of the triplet regimen was established from phase I studies among previously untreated patients. 6 In the doublet regimen, to maximize dosing and to minimize the risk of hematologic toxicity, carboplatin was delayed until day 8 on the basis of evidence of sequencedependent toxicity in patients with lung cancer.
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Topotecan was administered as part of a doublet regimen on days 1, 2, and 3, and carboplatin was delayed until day 3. This sequence was selected because of evidence of sequence-dependent hematologic toxicity in phase I trials in previously untreated patients.
8 A triplet combination with topotecan, carboplatin, and paclitaxel was not feasible because of cumulative hematologic toxicity. A tolerable triplet regimen has been described with cisplatin, but this would have changed the overall trial design.
9
PLD has prolonged clearance because of polyethylene glycol and liposomal encapsulation. In pilot studies, dosing every 3 weeks was associated with an unacceptable risk of mucosal, skin, and/or hematologic toxicity. Overall tolerability was improved when PLD was administered as a triplet regimen on alternate cycles.
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Statistical Design
Stratified block random assignment was used to balance treatment assignments within coordinating center, residual disease status, and intention ‫ء‬ Includes patients enrolled from the following: Eastern Cooperative Oncology Group (ECOG; n ϭ 24), North Central Cancer Treatment Group (NCCTG; n ϭ 23), Cancer and Leukemia Group B (CALGB; n ϭ 12), National Surgical Adjuvant Breast and Bowel Project (NSABP; n ϭ 1), Radiation Therapy Oncology Group (RTOG; n ϭ 1), Southwest Oncology Group (SWOG; n ϭ 1), and Other (n ϭ 3).
for interval-debulking surgery. Annual accrual was estimated to be 1,000 patients, with 50% accrued from collaborating groups. The estimated median time to progression or death for women with advanced-stage EOC who were receiving carboplatin and paclitaxel was 15 months, and estimated median survival was 36 months. OS and PFS were assessed from the date of random assignment in all patients on the basis of an intent-to-treat principle, and death as a result of any cause was considered a failure event. The date of last contact was used to calculate a censored time at risk for patients without documented progression (PFS) or for those who had no reported death (OS).
An event-triggered interim analysis (IA) was scheduled to occur after 240 PFS events (ie, progression or death) in the reference arm. The purpose of the interim analysis was to eliminate regimens that demonstrated insufficient evidence of activity.
11 The IA included pairwise PFS comparisons between the reference arm and each of the experimental arms (ie, four comparisons) by using a stratified log-rank test.
12 A regimen was deemed worthy of secondstage accrual if the observed relative PFS event rate was at least 7% lower than the reference arm. If second-stage accrual was indicated, additional patients would be registered with random assignment to the reference arm and to each selected experimental regimen. The final analysis consisted of a pairwise comparison of OS between the reference arm and each experimental regimen and was scheduled to occur when at least 365 deaths were reported among all of the patients registered to the reference arm.
12 This sample size provided a 90% chance of declaring a regimen superior if the regimen truly reduced the death rate by 25% compared with the reference arm; the type I error was limited to .0125 (.05/4; two-tail test) for each pairwise comparison. 13 This effect size is comparable to an increase in the expected proportion that survives more than 3 years from 50% to 59.3%.
Adverse events considered at least possibly related to treatment were categorized, graded, and reported according to National Cancer Institute Common Toxicity Criteria version 2.0. Emerging adverse event and routine toxicity reports were reviewed by regional study chairs and were summarized twice yearly in conjunction with semiannual GOG meetings; minor amendments to clarify protocol therapy and supportive care were considered. In addition, international members were recruited for a study-specific data safety and monitoring committee that was charged with ongoing review of safety reports and was empowered to recommend study closure, as appropriate, on the basis of the results of the IA and other scheduled or unscheduled reports. For the purpose of this report, only patients who received at least some of their assigned treatment are included in the summaries of adverse events.
RESULTS
The study was activated in January 2001, and the first patient was enrolled in February 2001 (Table 1) . The planned interim analysis of PFS occurred when there were 272 events (ie, progression or death) on the reference arm and 1,345 cumulative events among 3,836 patients (data freeze on May 2004). Deaths that were potentially treatmentrelated occurred in less than 1% of patients without clustering on any particular arm. None of the experimental regimens reduced the PFS event rate at least 7% relative to the reference arm. Therefore, in accordance with prespecified guidelines, the study was closed to additional accrual in September 2004. At that time, a total of 4,312 patients were enrolled, which included 212 patients who did not fulfill all eligibility criteria upon retrospective review (Table 2) . Demographic, stratification, and prognostic factors were well balanced among treatment arms (Fig 1) . Of note, consistent with current surgical trends, 70% of women who were registered had optimal cytoreduction, and less than 25% of women had measurable residual disease. Overall, 79% of women completed eight cycles of the assigned therapy.
There was increased hematologic toxicity in the triplet regimens and increased thrombocytopenia in both arms with gemcitabine (Fig 2A) . Neuropathy was decreased in the doublet regimens (Fig 2B) , which included only four cycles of paclitaxel. Transient elevations of transaminases were more commonly observed in arms with gemcitabine, but they were generally without clinical impact. There was no significant increase in pulmonary toxicity associated with gemcitabine.
The primary analysis of OS and an updated analysis of PFS are reported here. The median duration of follow-up among those women alive at last contact is 3.7 years. Relative to the reference arm, the adjusted risk of first progression or death (PFS) ranged from 0.984 to 1.066 for the experimental regimens (Fig 3A) . The adjusted relative risks of death ranged from 0.952 to 1.114 (Fig 3B) . There was no statistically significant difference in either PFS or OS associated with any of the experimental regimens compared with the eight cycles of carboplatin and paclitaxel, which achieved a median PFS of 16.0 months and a median OS of 44.1 months for the entire study population, including those patients with optimal and suboptimal residual disease. Incremental end points and proportion of progressions determined by CA-125 were also similar for all regimens (Appendix Table A1, online only).
An exploratory analysis of hazard ratios (HRs) for survival on the basis of diagnosis (EOC v PPC), age (Ͻ 65 v Ն 65 years), stage (III v IV), histology (grade 1, 2, 3, v clear-cell), or participating group failed to disclose any evidence of differential benefit from experimental therapy in any subgroup (data not shown).
As anticipated, the extent of cytoreductive surgery remains an important prognostic factor for OS (Fig 4A) , second only to stage at diagnosis. For patients with suboptimal (Ͼ 1 cm), gross-optimal (Յ 1 cm), and microscopic residual disease, the median PFS rates were 13, 16, and 29 months, respectively, and the median OS rates were 33, 40,
Treatment Regimen
(n = 864) (n = 864) (n = 862) (n = 861) (n = 861) test to assess the null hypothesis (ie, the probability of adverse events is independent of treatment) was statistically significant at P Ͻ .005 for grade 4 and worse neutropenia (absolute neutrophils count [ANC]) and thrombocytopenia (platelets [PLT]); grade 3 or worse hemoglobin (Hgb), infection/fever (fever), and GI toxicity; and grade 2 or worse peripheral neuropathy, pulmonary, and hepatic toxicity. CP, carboplatin and paclitaxel; CPG, carboplatin, paclitaxel, and gemcitabine; CPD, carboplatin, paclitaxel, and doxorubicin; CT-CP, carboplatin plus topotecan, then carboplatin plus paclitaxel; CG-CP, carboplatin plus gemcitabine, then carboplatin plus paclitaxel.
Patient Characteristics
and 68 months, respectively. It has been postulated that experimental therapy might have greater impact in patients who have small-volume residual disease, as they have more favorable prognoses. However, a planned analysis of HR for survival in relationship to the extent of residual disease also failed to show any positive benefit for experimental therapy in any subgroup (Fig 4B) .
DISCUSSION
Maximal cytoreductive surgery and platinum-based chemotherapy remains the current global standard for management of advancedstage EOC and PPC. Mature, phase III data [14] [15] [16] and a meta-analysis 17 established the superiority of cisplatin plus paclitaxel compared with cisplatin plus cyclophosphamide. Phase III trials also verified that carboplatin plus paclitaxel was at least as effective as cisplatin plus paclitaxel, 18, 19 which prompted the GCIG to publish consensus guidelines that favored carboplatin plus paclitaxel as the comparator arm for clinical trials. 20 However, sequential therapy with platinum followed by paclitaxel at progression may achieve equivalent long-term outcomes for some patients. Fig 3. Estimates of (A) progression-free survival and (B) overall survival for each treatment arm, including the cumulative number of events, the number of patients at risk, and a summary of hazard ratios; P values were adjusted for extent of residual disease and participating cooperative group. Median progression-free survival rates varied from 15.4 to 16.4 months, and median overall survival rates varied from 39.6 to 44.2 months. CP, carboplatin and paclitaxel; CPG, carboplatin, paclitaxel, and gemcitabine; CPD, carboplatin, paclitaxel, and doxorubicin; CT-CP, carboplatin plus topotecan, then carboplatin plus paclitaxel; CG-CP, carboplatin plus gemcitabine, then carboplatin plus paclitaxel. ) progression-free survival according to the extent of residual disease, which remains a highly significant prognostic factor across all treatment regimens. (C) The potential benefit of experimental treatment regimens evaluated in subpopulations according to the extent of residual disease, illustrated by hazard ratios for survival. Prog, progression; CPG, carboplatin, paclitaxel, and gemcitabine; CPD, carboplatin, paclitaxel, and doxorubicin; CT-CP, carboplatin plus topotecan, then carboplatin plus paclitaxel; CG-CP, carboplatin plus gemcitabine, then carboplatin plus paclitaxel.
Although platinum-based agents remains dominant, taxanes have emerged as the second-most important class of agents in EOC, and carboplatin with paclitaxel was selected as the point of reference for this trial. Substitution of docetaxel for paclitaxel is an acceptable alternative that has a reduced risk of neuropathy and hypersensitivity, but it has an increased risk of dose-limiting hematologic toxicity, which would have complicated each experimental regimen.
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Even with these well-tolerated and effective standard therapies, most women who have advanced-stage EOC will eventually experience recurrence with chemotherapy-resistant disease, which will prompt a search for new agents to maximize the benefits of primary therapy. Several agents have emerged that have welldefined activity in the setting of recurrent disease, including topotecan, PLD, prolonged oral etoposide, and gemcitabine. Each of these agents has a unique molecular target, mechanism of action, and pattern of resistance, which lends credence to the development of multiagent combinations. In addition, each agent has the potential to accentuate the platinum response through increased formation of platinum-DNA adducts or through inhibition of DNA repair. In small, nonrandomized trials, response rates that approached 100% have been reported with combinations of carboplatin, paclitaxel, and gemcitabine. 24, 25 However, it remains to be determined from randomized trials if enhancement of platinummediated toxicity would be associated with improved survival.
The cooperative groups, which recognized that a large number of patients would be required for a definitive analysis of newer combinations, worked together through GCIG, which provided a framework for sharing preliminary clinical data and for the coordinated planning of international phase III trials. 26, 27 Although some trials ultimately had overlapping treatment regimens, the cumulative global experience provides a robust analysis of multiple platinum-based chemotherapy regimens for advanced-stage disease.
Preliminary development for GOG0182-ICON5, including phase I trials, was coordinated largely through GOG. Final protocol development was accomplished with collaboration from GCIG members. Accrual was facilitated by joint enrollment of patients who had optimal and suboptimal residual disease. International criteria were adopted to permit use of CA-125 to declare progression of disease after completion of primary therapy.
5 Second-look laparotomy was not permitted, which helped to preserve PFS as a valid end point for IA.
The accrual rate reached 1,200 patients per year, which exceeded all prior combined accruals on GOG phase III trials in EOC. Strong participation within the gynecologic oncology community succeeded in enrolling approximately 6.25% of all women who had newly diagnosed advanced-stage disease in the United States during this period.
Results from GOG0182-ICON5 have matured in conjunction with other international efforts, including two trials to evaluate the addition of epirubicin and a smaller, randomized trial that incorporated topotecan (3 days) as a triplet with carboplatin and paclitaxel as well as a sequential doublet combination of cisplatin and topotecan followed by carboplatin and paclitaxel. [28] [29] [30] [31] Data are awaited from a triplet that incorporated gemcitabine (AGO-OVAR9), similar to GOG0182-ICON5.
Currently, there are not sufficient data to recommend any new two-or three-drug combination; thus, carboplatin with paclitaxel remains the standard regimen of choice. Although individual studies might be critiqued with regard to dose and/or schedule of individual drugs, each regimen was limited by practical management of toxicity in the setting of a cooperative group. More than 10,000 women are projected to have participated in these international studies, and it would be surprising if small differences in dose or schedule would have a major impact on long-term clinical outcomes.
There are several important points not directly addressed by these trials, including route of drug administration (including intraperitoneal options), molecular profiling of tumor and/or host to guide drug selection, and incorporation of molecular-targeted agents. In particular, the number and diversity of new agents identify important challenges to our conventional clinical paradigm. Compelling data have also emerged with single-agent bevacizumab in recurrent disease, which prompted the development of two international, front-line, phase III trials to address the addition of bevacizumab in combination with carboplatin and paclitaxel. 32 Large, multiarm, multistage, phase III trials are feasible with international collaboration and can promote the optimal use of limited clinical resources. However, innovative strategies are needed to efficiently select targeted agents and combinations that merit phase III evaluation, to improve outcomes beyond the current era of platinumbased therapy. In Figure 1 , two of the treatment boxes were inadvertently transposed, and the label for Period 2 was misplaced. The corrected figure is reprinted below in its entirety. The online version has been corrected in departure from the print. In Figure 3B , the y-axis was labeled as Progression-Free Survival, whereas it should have been Overall Survival. 
AUTHORS' DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST
